However, since the surface waves are physically.confined to a very narrow region around the interface, their propagation characteristics are also quite sensitive to the surface conditions of the media. Thus, 3 4 they can be used to. study adsorbed molecules and overlayers on metal surfaces.
In this work, we show that we can .use the surface plasmon technique to measure the refractive indices of liquid crystals with an accuracy -3 better than 1 x 10 • We have measured the refractive indices of the liquid crystalline material 4-cyano-4'-pentylbiphenyl (PCB) as functions of temperature, in particular, in the region near the isotropic-nematic phase transition. Because of the high sensitivity of the technique, we were able to probe the phase transition in great detail. We have found coexistence of the two phases, a hysteresis effect of the transtion, and supercooling and superheating in a temperature range of 60 mK around the nominal transition temperature. That surface phasmons can be used to probe phase transition was proposed earlier by Agranovich. 5 Our experiment here is the first demonstration of his idea.
Sections II and III give a brief account of the theory and the experimental arrangement, and Sec. IV describes the experimental results. Final-3   LBL-9398 ly, in Sec. V, the results in the phase transition region are discussed in terms of a diffused droplet nucleation model.
II. Theory
Two linear optical methods are generally used to excite surface plasmons on a metal-dielectric interface. 6 The Otto method uses a prism (or 2 grating) on top of the metal surface, and the Kretschman method uses an evaporated metal film on a prism. We have adopted the Kretschman method in our experiment as shown in Fig. 1 . The laser beam with a TM polarization is directed onto the metal film through the prism side and the refleeted beam is measured. Let the normal to the interface be along z and the plane of incidence in x -z. The reflectivity is given by 
Here, the subindices 1, 2, and 3 refer to prism, metal, and liquid crystal respectively, e is the angle of incidence at the metal film in the prism, The liquid crystal we have studied is PCB. The material was purchased from BDH Inc., and used without further purification.
The sample assembly sat in a two-stage oven with temperature control.
The temperature stability was better than 1 mK during a 15-minute scan of the reflectivity curve. The sample oven was then mounted on a rotating stage driven by a stepping motor. In the nematic phase, the liquid crystal has two refractive index components: n 1 and ~I respectively perpendicular and parallel to the direction of alignment n.
~
We deduced ~l first from the measurements with n along y and then n 11 from the measurements with n along z. The results are shown in Table 1 and Fig. 3 . The accuracy of these n values is ~ -3 1 x 10 , and was limited by the angular resolution of our apparatus. As a check on the results, we conducted separate measurements of n 1 and ~I 8 with the critical-angle method.
The results are also shown in Table 1 and Fig. 3 . They match very well with the results deduced from the surface plasmon exper~ent.
The fit to the reflectivity curve should in principle yield both the real and imaginary parts of the refractive index. However, since the damping in the metal film is extremely large, the accuracy in determining the small imaginary part of the refractive index for the liquid crystal is very poor. We did notice a slight broadening of the reflectivity dip as the temperature decreases towards the isotropic-+nematic transition, presumably because of the increasing scattering loss in the liquid crystalline medium.
The most interesting aspect of the surface plasmon technique is its the width of the hysteresis loop as the supercooling-superheating range.
We believe this is the first time such a hysteresis loop for the nematicisotropic transition has ever been measured. In our experiment, the tran--4 sition tmperature drifted slowly at a rate of -5. where f is the free energy density of the isotropic phase, S is the oro * der parameter, and a, B, C, T , and L all have the usual meaning. We assume a half spherical nematic droplet of radius R with a uniform order parameter S(T) obtained by minimizing fN with respect to S. The droplet is surrounded by a half spherical transition layer. To find the variation of the order parameter in the transition layer, we must minimize the total free energy of the system.
The minization leads to the Euler equation -+ ------= 0 dr2 r dr 3L as (8) with the boundary conditions S(R) = S(T) and 5( 00 ) = 0.
LBL-9398
To find S(r) from the above equation, we adopted numerical method by varying the slope as/ar at r = R and requiring as/ar ~ 0 for r ~ R with 11 no discontinuity. A fourth-order Runge-Kutta method was used in the calculation. After S(r) was found, the total free energy ~(R) of forming the droplet from the isotropic phase was then calculated
Thus by repeating the calculation with different R, a curve of ~ versus R at the given temperature could be plotted. Examples are shown in Fig. 5 for the liquid crystal PCB. at three different temperatures. In the calcu- 
where n is the shear viscosity coefficient, p is the density, and q is the 2 wavevector of the mode. For PCB, n ~ 0.1 poise, p ~ 1 gm/cm , and q --1 5 -1 (thickness of the surface transition layer) -5 x 10 em . , we find n -2.5 x 10 10 sec-l and hence (13) Consider a domain sitting at a temperature T for a time period t .. If Jt = 1, then it means that the domain will definitely make an isotropic~ema-tic transition in t. We can define the temperatue at which this happens as the supercooling temperature Tsc· In our experiment, t = 1000 sec.
Using Eq. (12), we obtain T~ -Tsc = 25 mK. (14) 13 LBL-9398
The above model for supercooling is admittedly rather crude and has much room for improvement, but it does predict a supercoolingrangeof the order of magnitude as experimentally observed. A similar model can of course be used to estimate the superheating range, which is roughly the same as the supercooling range.
VI. Conclusion
The surface plasmon technique has been used to measure the refractive indices of the liquid crystal PCB.
-3 The accuracy can be better than 10 .
It has also been used to probe the phase transition of PCB. Since the technique is.not restricted by the strong scattering in the transition region, it can be used to monitor the detailed variation of the phase transition process. Coexistence of isotropic and nematic phases in a range of -60 mK around transition, together with a hysteresis effect upon heating and cooling, has been observed. A diffuse droplet model of nucleation can be used to give a correct order-of-magnitude estimate on the supercooling ahd superheating range.
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